Ayu Plecoglossus altivelis of 12cm in body length were raised in concrete tanks at four different water velocities (4cm/s, 25cm/s, 35cm/s, and 45cm/s) for 60 days. Rearing of the fish in water velocities 35 and 45cm/s exerted favorable growth and feed efficiency. Rearing in current water, however, failed to depress lipid content of muscle, liver, and intraperitoneal fat body when compared to that in the standing water (4cm/s).
was carried out for the four parts of muscle, as shown in Fig. 1 . Mean values were compared by Student's t-test and differences at 5% level were considered significant. Significance of difference among groups were analyzed using Duncan's multiple range test.
Results
The mortality of the fish in all groups was less than 11% during the feeding experiment ( Table 1 ). The fish in standing water (4cm/s) were swimming in all directions. Bursts of swimming in surprise were ocassionally observed. The fish acclimated in more than 25cm/s water velocities held their positions against the water current with keeping at regular spaces. shown in Table 2 . The analyses of muscle were carried out in four different parts as shown in Table 3 . Lipid class composition (%)* of muscle, liver, and intraperitoneal fat body after feeding (F) and starvation (S) Table 4 .
Effect of water velocity on characteristics of ayu after starvation water velocity resulted in a slight elevation in liver lipid. Table 5 . Effect of water velocity on lipid reserves in fed (F) and starved ayu (S) After 13 days starvation, the lipid content did not always seem to decrease. However, the decrease of IPF lipid was remarkable, especially in 45cm/s. Table 3 shows lipid class composition of muscle, liver, and IPF at the end of feeding experiment and starvation test. In the table, the value of whole muscle is presented, because the composition represented little difference in every part of muscle of which lipids comprised more than 88% of triglycerides (TG). Liver lipid was characterized by high proportion of free fatty acids (>32%).
The proportion of TG was more than 43% in the standing water and 25cm/s, and lowered with increasing water velocity. Over 96% of TG were included in IPF which was main energy reserves. The proportion was not affected by water velocity.
While the lipid class composition did not change in muscle by starvation, degradation of TG and increase of free fatty acids were found in liver. As a result, the proportion of free fatty acids exceeded TG in liver. In IPF, small amounts of free fatty acids appeared after starvation.
Effects of starvation on some biological parameters are shown in Table 4 . Body weight loss during starvation was quite different among the groups. The body weight decreased signicantly in the groups reared in the standing water and the low velocity. A significant decrease of condition factor was observed in all groups. The muscle ratio was not affected. Hepatosomatic index of all groups significantly decreased by starvation, but IPF ratio decreased in different manner in response to the water velocity. Significantly high IPF loss was found only in the medium velocity. Table 5 shows the total amount of lipid in a fish. After 13 days starvation, the lipid reserves markedly decreased. The starvation represented some differences in lipid mobilization among the groups. The fish reared in the high velocity greatly lost lipid of IPF and minimized body weight loss during starvation.
The response of lipid level to starvation varied depending on parts of muscle.
Discussion
In our previous work, it was suggested that drawing system of rearing tank which caused water current improved growth, body condition and some physiological conditions in ayu, 9) The merits of the water current would relate to water quality including oxygen supply. Furthermore, current may contribute to suspend pelletted feed which influences the efficiency of feed utilization.
A number of studies on the effects of exercise in fish have been carried out in muscle morphology and muscle protein turnover. [3] [4] [5] 8, [11] [12] [13] [14] Increase in protein synthesis and hypertrophy of muscle resulted from exercise exerted growth. 1, 3, 8, 15, 16) Although the increase in muscle mass was not achieved by increased velocity in this experiment, lipid metabolism was improved at higher velocities (>35cm/s).
Increasing swimming speed resulted in a decrease in muscle lipid.7) However, in this experiment, water velocity which might elevate energy expenditure could not depress lipid reserves, as reported by Poston et al.17) The decrease in muscle lipid might not only be a response to increasing energy expenditure, but also be associated with increasing assimilation rate of dietary protein.
The assumption could be supported by the fact that fish acclimated in running water could accumulate higher energy reserves than those in still water. 3, 18) Retention of muscle protein and exhaustion of reserved lipids during starvation were relatively high in the fish raised in high current condition. High water velocity seemed unlikely to suppress lipid accumulation, nevertheless the reserved lipids would be active to be mobilized and could be preferentially utilized as energy prior to muscle protein. In the previous paper,9) activity of lipid mobilization was higher in fish reared in running water than standing water. Therefore, rearing with a certain water velocity may be advantageous in growth, feed efficiency, and carcass quality, considering the fact that wild ayu can survive in higher water current (>100cm/s). However, some expenses such as electricity for controlling water velocity would be a restricting factor.
Recently, improvement of carcass quality without depression of growth and feed efficiency has been requested.
In ayu culture, the water velocity in rearing tanks should be controlled to 45cm/s or more.
